Abstract. In Helisoma duryi, the periostracum is the outermost organic layer of the shell and it is secreted by the mantle collar. Addition of porcine insulin (0.1 pg/ml) to the incubation medium increases the incorporation of labeled amino acids in the mantle collar in vitro. The immunoblotting technique revealed two immunoreactive insulin bands with a molecular weight of 16 and 7 kDa in the hemolymph. Partial purification of insulin-like peptides from the hemolymph by gel filtration chromatography showed that only one fraction containing approximately 7 kDa polypeptide stimulated the incorporation of amino acids into the mantle collar as well as into the periostracum in a dose-dependent manner. In laboratory populations of Hefisoma, snails with two different shell growth rates can be recognized: fast and slow. Hemolymph titers of insulin-like peptide are low in fastgrowing snails (2.3 f 0.25 mIU/ml) and higher in slowgrowing snails (7.8 f 0.46 mIU/ml). When a piece of shell at the edge is removed, a structurally identical new piece is formed within either two days (fast regeneration) or a longer period of seven days (slow regeneration). Hemolymph titers of insulin-like peptide undergo fluctuations during the period of shell regeneration, but a general pattern can be recognized. The titers are low when the shell deposition rate is high and vice versa. We suggest that the insulin-like peptide in the hemolymph is involved in shell growth or shell regeneration.
Introduction
Insulin-like peptides (ILP) are found in a number of invertebrate species from different phyla (Thorpe and Received 18 May 1992; accepted 4 May 1993 . Duve, 1984 . In several members of the phylum Mollusca, ILP have been detected in the cells belonging to the digestive system and in the central nervous system (CNS). Many similarities exist between molluscan ILP and mammalian insulin at both the structural and functional levels (Ebberink et al., 1989) .
In the freshwater pulmonate Lymnaea stagnalis, three genes encoding molluscan insulin-related peptides MIP I, MIP II, and MIP V have been sequenced (Smit et al., 1988 (Smit et al., , 199 1, 1992 . The in situ hybridization technique using cDNA has shown that the neurosecretory light green cells (LGC) contained the mRNA encoding these peptides (van Minnen and Schallig, 1990; Smit et al., 1991) . In this species, LGC regulate shell and body growth (Geraerts, 1976 and are also involved in shell growth (Saleuddin and Kunigelis, 1984) . Using porcine and human insulin antisera, immunoreactive ILP have been detected in the MDC and hemolymph of Helisoma (Saleuddin et al., 1991; . Fine structural studies suggest that the synthetic activity of the MDC, and the rate of release profiles of neurosecretory granules of the MDC axon terminals, reflect the growth rates of the animal .
Among laboratory populations of Helisoma, snails with two distinct shell growth rates can be found: fast and slow. Also present are the non-growers whose shell increments are extremely small. A brain extract from a fast-growing snail contains a factor that will stimulate shell growth in slow-growing snails (Kunigelis and Saleuddin, 1978) .
The organic periostracum is the pliable outermost layer of the molluscan calcareous shell. Its formation must precede the formation of the calcareous layer. The mantle edge, which secretes the periostracum, can be cultured in vitro. A brain-derived factor increases incorporation of labeled amino acids into the periostracum in vitro (Kunigelis and Saleuddin, 1985) .
In Helisoma when a piece of shell is removed from the edge, a new piece is secreted filling the damaged area (Wong and Saleuddin, 1972; Kunigelis and Saleuddin, 1983) . Snails undergoing shell regeneration, where rapid transport of calcium and proteins is involved, are suitable for monitoring the hormones involved in shell formation and shell regeneration.
In the present experiments, ILP titers in the hemolymph in snails of known growth rates and in shell-regenerating snails were measured by a radioimmunoassay using human insulin antiserum. The effects of porcine insulin and Helisoma ILP on the amino acid incorporation into periostracum by the mantle collar in vitro were also studied.
Materials and Methods

Animals
Specimens of H. duryi were raised in 70-l glass aquaria in dechlorinated tap water at 22 "C under a 12L: 12D photoperiod. Boiled lettuce, fish-food, and blackboard chalk (source of calcium) were supplied as food ad Zibitum. Adult snails, 6-8-month-old and lo-12 mm shell diameter, were used for studies.
Shell growth monitoring
Adult snails were marked individually with an identifying number, and a reference line parallel to the growing edge was painted on the shell using a water-soluble polymer acrylic paint with a very fine artist's paint brush. The number and reference line were dried and coated with lacquer containing nylon (nail polish). Shell growth was measured optically as the distance between the reference line and the growing edge using a calibrated micrometer on a Wild M5 stereomicroscope.
The shell growth was monitored daily. Based on daily growth increments, the rate of shell deposition was calculated, representing the "net daily increase" in the "mean shell area" deposited and expressed as mean daily linear shell deposition rate (MDLSDR).
These snails were grouped into fast growers, slow growers, and non-growers based on the growth rates as outlined by Kunigelis and Saleuddin, 1978. Shell damage Snails with known shell growth rates were used. A piece of shell about 4 X 4 mm was carefully removed at the growing edge of a snail, using a fine rotating blade (Dremel Tools, Wisconsin), without injuring the underlying mantle tissue. After the shell was damaged, shell regeneration was monitored every day for two weeks. Shell growth ceased until shell regeneration was completed. Previous studies showed that the mantle collars of Helisoma cultured in vitro synthesized the periostracum.
In this experiment, the incorporation of tritium-labeled amino acids into the mantle collar and periostracal proteins was measured both in the presence and absence of insulin.
Periostracum synthesis in vitro
The mantle collars were dissected from snails of known growth rates under aseptic conditions in physiological saline (40 mA4 NaCl, 3 mM KCI, 3 mM CaC12, 1 mM MgCl*, 14 mA4 NaHC@, 0.2 mM NaH,PO,), pH 7.2, osmolality 115 mOsm/ 1, containing antibiotics and an antimycotic [ 100 IU/ml penicillin and streptomycin and 0.25 pg/ml fungizone (GIBCO, Canada)] and cultured in vitro according to the procedure of Kunigelis and Saleuddin (1985) . The culture medium contained 55 parts sterile distilled water and 45 parts Medium 199 (GIBCO) containing 25 mM Hepes buffer, Hank's salts, and L-glutamine, osmolality 140 mOsm/ 1 and pH 7.1 A tritiated amino acid mixture (leucine, lysine, phenylalanine, proline, and tyrosine; specific activity 57 Ci/mmol) (Amersham, Canada) was used at a concentration of 1 pCi/ml culture medium. The culture medium was filtered through 0.2 ym sterile disposable filter units and subsequently 100 IU/ml penicillin and streptomycin and 0.25 pg/ml fungizone were added. A mantle collar was placed dorsal surface uppermost in 1 .O ml medium in each well of a sterile 24-well dish (Costar, Cambridge, Massachusetts) at 22°C. In some experiments porcine insulin (0.0 l-2.0 r.Lg/ml) was added to the culture medium. After 48 hours of incubation, the mantle collars formed periostracum which was collected with a glass pipette. The mantle collar and periostracum were homogenized separately in 100 ~1 and 200 ~1 distilled water, respectively. Aliquots of 25 ~1 of homogenate were spotted onto squares of filter paper (2 X 2 cm; Whatman No. 42) and allowed to dry at room temperature.
The amount of label incorporation into proteins was determined by the method of Bramhall et al. (1969) . Briefly, proteins were precipitated by soaking in 7.5% chilled trichloroacetic acid and heated to 80°C for 30 min to remove non-proteinaceous material. The TCA was removed by rinsing in 50% ethanol in diethyl ether followed by diethyl ether, and the papers were air dried before transfening to a vial containing 10 ml of scintillation cocktail (ACS) (Amersham, Canada). The vials were dark-adapted and counted in a Packard A3000 Scintillation counter. Subsequently, the papers were washed in acetone, air dried, and the protein present on these filter papers determined by using the method of Bramhall et al. (1969) . Incorporation of amino acid was expressed as DPM per microgram protein.
Hemolymph collection and extraction
Snails were wiped and all traces of mucus were removed using absorbent tissue. They were then bled on a piece of parafilm by puncturing the heart with a No.10 surgical blade. About 100 ~1 hemolymph was collected in 1.5 ml microcentrifuge tubes from each snail. Hemolymph samples were centrifuged at 10,000 X g for 10 min and supernatants were stored at -80°C until use.
Geljiltration
Hemolymph was subjected to gel filtration G-75 (Pharmacia; Particle size 40-120 pm) column of 75 X 2 cm equilibrated with 0.06 M phosphate buffer (pH 7) at a flow rate of 0.3 ml/min. The column was calibrated with proteins of known molecular weight. Approximately 5 ml of hemolymph from snails of various growth rates was lyophilized and reconstituted with 2 ml of buffer, then loaded onto the column. The elution of protein was monitored at 280 nm. Fractions (3.5 ml) were collected, 500 ~1 of each fraction was vacuum dried and subjected to RIA for the presence of insulin-like peptides.
Bioassay
The partially purified hemolymph fractions from the gel filtration column containing ILPs (approximately 17, 7, and 2 kDa) were lyophilized and tested in vitro for possible stimulation of incorporation of labeled amino acids into TCA precipitable mantle collar and periostracal proteins. The mantle collars were cultured in vitro with or without insulin-like peptides (250 pIU equivalents/ml). After 48 h of incubation, mantle collars and periostracum were removed, homogenized separately in 200 ~1 and 100 ~1 of distilled water, respectively. Aliquots were spotted on filter papers and processed according to the procedure of Bramhall et al. ( 1969) , as described earlier. Furthermore, various doses (0, 100,250,500 pIU equivalents/ ml) of the 7-kDa insulin immunoreactive fraction were also tested in vitro for the stimulation of 3[H]-labeled amino acid incorporation into mantle and periostracal proteins.
Radioimmunoassay
The hemolymph titers of ILP were determined with a commercially available kit that uses antiserum against human insulin (Diagnostic Products, Los Angeles, California). The assay is based on competitive binding of ILP present in the samples and 12'1-labeled insulin. Immobilized insulin antibody is supplied in polypropylene tubes. In each of these tubes, 100 ~1 hemolymph sample and 500 ~1 labeled insulin (0.03 &i/ml) were incubated for 18 h at 22°C. After being carefully decanted, the tubes were counted for 1 min in 10 ml ACS in a Packard A300 Scintillation Counter. The amount of ILP present in samples was determined by comparing the observed counts to a standard curve. The limit of detection of insulin was 1 pIU using this procedure. A series of hemolymph and tissue extracts were prepared to compare the competition curve of human insulin with that of the Helisoma ILP. The dilution curves for snail ILP ran parallel to the human insulin standard curve (Fig. 1) . Thus the relative concentration of Helisoma ILP can be determined with this assay. Because we do not know the absolute amount of Helisoma ILP in any sample, the titers are expressed as mIU equivalents of insulin.
Immunoblotting
The proteins present in the hemolymph and brain extracts were analyzed by sodium dodecyl sulphate gradient ( 1 l-23%) polyacrylamide gel electrophoresis employing the "phorcast" gel system (Amersham, Canada). At the end of the electrophoretic run, the proteins were transferred to nitrocellulose (0.2 pm) (Bio-Rad, Canada) by using Bio-Rad mini trans blot electrophoresis cell at 4°C for 16 h with a constant current of 40 mA. The transfer buffer consisted of 25 mM Tris pH 8.3, 192 mM glycine, 20% methanol. Immediately following the transfer, the blots were placed in a phosphate buffer saline, pH 7.4, containing 5% bovine serum albumin and 0.05% Tween 20 (PBST) for 45 min at 22°C. The membranes were then incubated with bovine insulin antibody raised in guinea pigs (Sigma Chemical Co.) diluted 1: 1000 for 1 h, rinsed three times in PBST, followed by incubation with a secondary antibody (anti-guinea pig IgG) conjugated to alkaline phosphatase ( 1: 1000 dilution). The membranes were washed three times in PBST. Finally, the enzyme was localized by 0.033% nitro blue tetrazolium with 0.0 165% 5-bromo-4-chloro-3-indolyl-phosphate (Promega, Wisconsin) as a substrate. The presence of an insulin-like molecule was indicated by blue bands on the membrane. The specificity of the antisera used was verified by appropriate controls involving (1) the omission of the primary antiserum, (2) the omission of the secondary antiserum, (3) preincubation of the primary antiserum with bovine insulin, and (4) replacement of the primary antiserum with pre-immune rabbit serum. Under all these control treatments no immunoreactive material was detected on the nitrocellulose membrane.
Statistical analysis
The results were tested for significance using ANOVA and the difference between means was also tested by Students t-test as described by Sokal and Rohlf (1973) .
Results
Efect of insulin on protein synthesis in mantle
The influence of porcine insulin on periostracum formation by the mantle collar in vitro was determined by assaying the rate of incorporation of a mixture of tritiated The mantle collars from snails of known growth rates were dissected and cultured in the medium with and without the indicated dose of insulin for 48 h. The mantle collars were processed (see Methods) to measure the amount of label incorporation into mantle collar protein and the results shown are pooled data (mean rf-SEM) from three experiments.
For each experiment at least 9-11 controls and 9-11 treated mantle collars per insulin dose were assayed. in non-growing, slow, and fast growing snails. The snails were monitored for shell deposition over a 3-4 week period. Based on daily growth increments, the rate of shell deposition was calculated, which represents the "net daily increase" in the "mean shell area" deposited and expressed as mean daily linear shell deposition rate (MDLSDR) (mm/day). The hemolymph samples were collected from snails after determining their shell growth rates and were used for assaying the ILP titers. The ILP titers are significantly lower in fast growing snails than in non-growing and slow-growing snails (**, P < 0.01). Columns indicate the mean of n = 15, bars the SEM from three separate experiments.
amino acids in the mantle collar. At a concentration of 0.1 pg/ml of insulin, the rate of amino acid incorporation was two-fold higher than at 0.01 pg/ml (Fig. 2) .
ILP titers and shell growth
Daily shell deposition rates have been compared with ILP titers of the hemolymph (Fig. 3) . ILP titers are significantly lower in fast-growing snails than in nongrowing and slow-growing snails (P < 0.01). However, the ILP titers of slow and nongrowing snails did not differ significantly (P > 0.5).
Rate of shell regeneration
When a piece of shell edge is removed the damaged area is rapidly replaced by a piece of regenerated shell which is first visible 6-8 h following shell damage. Shell regeneration is restricted to the damaged area only. The rate of shell regeneration varied among regenerating snails. Snails that had repaired more than 50% of the damaged shell within 24 h were classified as fast-regenerating snails, while those that took longer than 24 h were slow regen-erating snails. Normally, fast regenerating snails completed shell repair in two days, while slow regenerating snails took up to seven days to complete shell regeneration (Fig. 4) .
ILP titers during shell regeneration ILP titers in the hemolymph of both fast and slow regenerating snails fluctuated considerably not only during the period of shell regeneration but also over the 1Cday study period. In fast regenerating snails, the ILP titer during the initial phase of regeneration (first 17 h) was about 3 mIU/ml of hemolymph. This level was maintained until day 3 when the titer dropped to about 2 mIU/ml of hemolymph. This decrease was followed later (after day 9) by a significant increase to 6 mIU/ml at day 14 after the shell growth had virtually stopped (Fig. 5) .
In slow regenerating snails, ILP titers showed a different profile. In these snails at the initial phase of regeneration (17 h), the ILP titer was significantly higher than in fast regenerating snails (P < 0.0 1). However, the ILP titer decreased as the rate of shell regeneration accelerated. The ILP titers then increased, coincidentally with the fall of shell regeneration rates (Fig. 5) . The ILP titers did not significantly differ between slow and fast regenerating snails from 11 days after injury, and at day 14 the ILP Days after shell injury Figure 4 . MDLSDR in fast-and slow-growing snails. The shell growth in snails was monitored for 3-4 weeks to establish shell deposition rates. Following shell growth rate determination, the shell was carefully injured at time zero. These snails were further monitored for 2 weeks to determine shell regeneration of injured area and the resumption of normal growth at the edge. Based on daily growth increments, the rate of shell deposition was calculated, which represents the "net daily increase" in the "mean shell area" deposited and expressed as mean daily linear shell deposition rate (MDLSDR). Results indicate the mean of n = I6 from three experiments. Arrows indicate the time of completion of shell regeneration. Shell growth at the new edge resumes beyond this point. Note that for slow-growing snails the rate of shell regeneration is not only slower, but no new shell growth occurred following the completion of regeneration. Days after injury Figure 5 . ILP titers following shell injury in the snails with known shell growth rates. The snails were monitored over a 3-4 week period and MDLSDR were calculated. A shell area of approximately 4 X 4 mm was carefully removed from these snails at time zero. Following this removal, shell regeneration and the resumption of normal shell growth were monitored daily for 2 weeks. Hemolymph samples from these snails were collected at different times following shell removal and assayed by RIA to determine the ILP titers. Each individual was sampled only once during the experiment and results shown indicate the mean of n = 16, bars indicate the SEM from three experiments. The titer in slow-regenerating animals is significantly higher than in fast-regenerating animals (**, P < 0.0 I) except on days 2 and I3 after shell removal. titer returned to the initial level of about 7 mIU/ml of hemolymph.
Immunoblotting
Immunoblots prepared by SDS-PAGE from the hemolymph samples using bovine anti-insulin showed two immunoreactive ILP bands whose apparent molecular weights were 16 and 7 kDa, as determined by comparison with the mobility of known molecular weight markers (Fig. 6 ).
Gel filtration
Three peaks of insulin-like immunoreactive-peptidecontaining fractions were identified from the eluates of gel filtration as detected by RIA. The apparent molecular weights of the peptides were estimated by calibrating the column with standards of known molecular weights and were found to be 17, 7, and 2 kDa from the hemolymph (Fig. 7) . The fractions containing these peptides were pooled and tested for their ability to stimulate the incorporation of tritiated amino acids into TCA precipitable proteins of the mantle collar and periostracum. The data presented in Figures 8 and 9 show that only one fraction containing ILP of 7 kDa significantly stimulated the -46K Figure 6 . Immunoblot of SDS-PAGE of hemolymph from snails (left lane). The hemolymph samples from a mixed population of snails of known growth rates were subjected to SDS-gel electrophoresis and the fractionated proteins were subsequently transferred to nitrocellulose membrane. The membranes were incubated with the primary antiserum (anti-bovine insulin, 1: 1000 dilution) for 1 h, rinsed in phosphate buffered saline, pH 7.4, eontaining 5% bovine serum albumin and 0.05% Tween 20 (PBST) followed by secondary antiserum conjugated to alkaline phosphatase (1:lOOO dilution). The membranes were washed and the sites of IgG binding was visualized with nitro blue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate. Arrows indicate ILPs (16 and 7 kDa) in Helisoma hemolymph. The molecular weights of the insulin immunoreactive bands were estimated by running the following known molecular weight protein standards (Amersham) on the same gel (right lane): Ovalbumin 46000, carbonic anhydrase 30000, trypsin inhibitor 21500, lysozyme 14300, aprotinin 6500, and insulin (b) chain 3400.
incorporation of labeled amino acids into mantle collar and periostrical proteins (P < 0.05; P < 0.0 1, respectively). Furthermore, Figures 10 and 11 demonstrate that addition of the 7-kDa-containing fraction to the culture medium increases incorporation of tritiated amino acids into TCA precipitable proteins of mantle collar and periostracum in a dose-dependent manner up to a dose of 250 ~IU/ml.
Discussion
In many mollusks, shell growth is incremental and is influenced by various internal and external factors (Lutz and Rhoads, 1980) . The molluscan shell, which includes an organic outer periostracum, is secreted by the mantle collar. Saleuddin and Kunigelis (1984) showed that when the mantle collar was maintained in organ culture, the periostracum formed in vitro was structurally similar to that formed in vivo. A crude extract of CNS from a fast growing snail stimulated in vitro periostracum formation and increased amino acid incorporation into the mantle collar of a slow-growing snail. In this study, addition of up to 0.1 pg/ml porcine insulin to the incubation medium stimulated amino acid incorporation into the mantle collar. Higher concentrations of insulin were not stimulatory, however; inhibitory effects of higher doses of insulin on protein synthesis are not uncommon (de Pablo et al., 1985) . Because this study did not specifically include the effect of insulin either on the incorporation of amino acid in the periostracum or on the periostracum formation Ve/Vo Figure 7 . Molecular weight determinations of ILP by gel filtration. A mixture of standard proteins was applied to G-75 column (2 X 75 cm) and eluted at 0.3 ml/min with 0.06 M phosphate buffer. Five ml of hemolymph collected from a mixed population of (80) snails of known growth rates was extracted, lyophilized (see Methods), and reconstituted with 2 ml of buffer, and applied onto the column. ILPs were eluted with phosphate buffer. Fractions (3.5 ml) were collected and 500 bl of each fraction was vacuum dried, reconstituted with 100 ~1 of distilled water, and then subjected to RIA for the presence of insulin-like peptides. The following standard proteins were used to calibrate the column: ovalbumin 46000, myoglobin 17000, aprotinin 6500, and vitamin B12 1400 dalton. The arrows indicate the Ve/Vo (elution volume/void volume) ratios for ILPs in the hemolymph of Helisoma. The fractions containing the ILPs were further tested in vitro for the stimulation of incorporation of 3[H]-labeled amino acids into TCA precipitable mantle collar and periostracal proteins of Helisoma. Figure 8 . The effect of partially purified hemolymph insulin immunoreactive fractions on amino acid incorporation into the TCA precipitable mantle collar protein of Helisoma. Three peaks of immunoreactivity ( 17 kDa, 7 kDa, and 2 kDa) were found in the chromatographic fractions collected from hemolymph eluate as detected by RIA. All of these fractions were tested in vitro for the stimulation of incorporation of 3[H]-labeled amino acids into TCA precipitable protein of the mantle collar of Helisoma. The mantle collars from different snails of known growth rates were dissected and cultured in vitro with and without the immunoreactive fractions (250 pIU/ml) obtained from the gel filtration column. The mantle collars were processed to measure the label incorporation into mantle collar proteins (see Methods). The 7 kDa ILP significantly stimulated amino acid incorporation into mantle collar protein (*, P i 0.05). Columns in the figure indicate the mean of n = 12, bars the SEM from three experiments. release of the ILP at the median lip nerve (neurohemal area) correlate well with shell-growth periods . 4000 r-T itself, the definitive role of insulin on periostracum formation can only be conjectured. Thus it is possible that insulin/ILP could be acting on the mantle collar as a general metabolic stimulator rather than as a specific shell growth factor. Saleuddin et al. (199 1) showed that injections of microgram quantities of porcine insulin-stimulated shell growth, whereas injection of porcine anti-insulin inhibited shell growth in Helisoma. Geraerts (1976) suggested that a factor from the neurosecretory light green cells (LGC) in Lymnaea stagnalis is involved in body and shell growth. It is now known that LGC produce three insulin-related peptides MIP I, MIP II, and MIP V (Smit et al., 1988 (Smit et al., , 199 1, 1992 . MIP I has been implicated as a growth hormone. However, direct evidence of the involvement of MIPS as stimulators of shell growth has not been documented. In Helisoma, the neurosecretory mediodorsal cells (MDC), which are homologous to LGC of Lymnaea, contain immunoreactive insulin-like material that is released into the medium when the CNS is treated with high potassium or 4-aminopyridine . The synthetic activity of the MDC and the observed looI ~ 0 100 200 300 400 500
Fractions
ILP ulU/ ml Figure 10 . The dose-response curve for the stimulation of incorporation of 3[H]-labeled amino acids into TCA precipitable mantle collar protein of Helisoma by the partially purified 7 kDa insulin immunoreactive fraction. The mantle collars were cultured in vitro with various doses of 7 kDa ILP (0, 100, 250, 500 pIU/ml) and amino acid incorporation into mantle collar proteins was determined (see Methods). Results shown are pooled data from two separate experiments in triplicate and for each experiment at least 12-l 5 controls and lo-15 treated mantle collars per dose were assayed. We have identified ILP in the hemolymph in Helisoma. Furthermore we have measured the titers of ILP in the hemolymph of snails with different shell-growth rates and also during the period of shell regeneration. The difference in titers during shell growth or shell regeneration suggests that ILP is involved in these two processes. Although ILP titers were measured by an RIA using anti-human insulin, the titers reflect the relative concentrations of ILP, because the competition curve for Helisoma ILP showed a linear relationship to human insulin standards (Fig. 1) . In another terrestrial pulmonate, Otala lactea, we were able to detect ILP in the hemolymph, hepatopancreas, and CNS, but did not investigate its physiological function (unpub. data). Gomot et al. ( 1992) found insulin immunoreactive neurosecretory cells in the CNS of Helix aspersa. Cautery of these cells causes a reduction in body weight. Gomot (pers. comm.) reports that injections of microgram quantities of bovine insulin cause juvenile Helix aspersa to grow significantly larger than controls over a six-week period.
In this paper, ILP concentrations in the hemolymph were measured by an immunoassay procedure. This technique is based upon recognition of an antigenic determinant of the hormone molecule with specific antibodies raised against the hormone. Furthermore, this technique does not take into account the biological effects of the hormone on target cells or tissues and thus is unable to distinguish between biologically active and inactive forms of the antigen. Equally significant is the fact that immunoassay techniques fail to distinguish between isohormones with different functions working on separate target tissues (Robertson and Bidney, 1990) . For example, the immunoassay used in this study identified the total ILP in the hemolymph without discriminating between ILP from various sources, such as the hepatopancreas or the CNS. The ILP from the hepatopancreas could be involved in sugar metabolism, whereas we believe the ILP from the CNS is a shell-growth factor.
Many mollusks show a daily rhythm of shell deposition. Within laboratory populations of Helisoma, fast and slow shell regeneration rates can be recognized over a 1Cday period of monitoring. Interestingly, the shell regeneration rates and the hemolymph ILP titers are inversely related. The high titers of ILP associated with slow shell regenerations rates may be due to ILP, which is immunoreactive but lacks bioactivity. A similar situation has been reported in the case of parathyroid hormone (Martin et al., 1977) . It is equally possible that the antiserum used in this study recognized degraded hormone fragments with antigenic determinants that are intact.
Partial purification of Helisoma hemolymph ILPs by gel filtration showed that only one insulin immunoreactive fraction containing 7-kDa polypeptide stimulated amino acid incorporation in the mantle collar as well as in the periostracum. The presence of high and low molecular weight ILPs in the hemolymph of Helisoma may represent the precursor molecule and the degraded fragments of ILP, respectively. It will be interesting to know whether the bioactive ILP fraction is high in fast-growing snails but low or not detectable in slow-growing snails. Both low and high molecular weight immunoreactive insulin materials were present in the hepatopancreas of oysters (de Martinez et al., 1973) and in the gut, hepatopancreas and hemolymph of lobsters (Sanders, 1983) .
In Helisoma, studies using bioassay, RIA, partial purification, and immunoblotting confirm that ILP (7 kDa) can stimulate periostracum formation by stimulating protein synthesis in the mantle collar in vitro and that it is involved in shell growth. In vertebrates it is well established that insulin and related peptides (IGFs) not only regulate glycogen, lipid and protein synthesis but also growth and differentiation (Kahn, 1985; Froesch et al., 1985; Rosen, 1987; de Pablo et al., 1990) . The prothoracicotropic hormone (PTTH) in insects, which occurs in multiple forms and which shows some structural similarity with vertebrate insulin, is involved in growth (Mizoguchi et al., 1990) . It remains to be seen whether ILP in Helisoma is structurally similar to MIPS of Lymnaea or to other ILP or to vertebrate insulin. Experiments are currently under way to elucidate the gene structure of ILP in Helisoma using cDNA recombinant techniques.
